Objective: To describe dietary habits and extent of overweight and obesity among Cree youth. Design: Dietary intake and habits were assessed by a 24 h recall and FFQ as part of a cross-sectional survey. Setting: Three Cree communities in northern Québec, Canada. Subjects: A total of 125 youth aged 9-18 years. Results: Overall 67?6 % of the study population was either at risk of overweight or overweight. Over 98 % had a usual saturated fat intake over 10 % of energy while 65 % had a lower consumption of fruit/vegetables and 95 % had a lower consumption of milk and milk products than recommended by Canada's Food Guide. The majority (96?8 %) consumed high-fat foods (.40 % of total energy as fat), which accounted for 39 % of total energy intake (EI). Similarly, 92?8 % consumed high-sugar food and beverages (.25 % of total energy as sugar), which accounted for 12?8 % of total EI. Furthermore, 95 % of the youth had a Healthy Eating Index (HEI) below the recommended score of 80 or above. Certain measures of diet quality (traditional food (TF) consumption, HEI and vegetables and fruit consumption) were significantly correlated with adiposity measures. Conclusions: A high prevalence of low-diet quality was found with a high degree of sugar and fat intake and a low consumption of vegetables/fruit and milk/milk alternates and any weekly TF. Dietary interventions are sorely needed.
Overweight and obesity are steadily increasing among adults as well as children and youth with consequences for increased risk of type 2 diabetes mellitus (DM), hypertension, heart disease and all-cause mortality (1) (2) (3) (4) . Early detection, prevention and treatment of obesity will avoid consequences later in life (3) . Indigenous peoples in Canada show high rates of obesity. In the Canadian Community Health Survey conducted in 2004 in all provinces but not in the territories, 41 % of off-reserve indigenous children aged 2-17 years were either at risk for overweight (21 %; BMI .85th percentile) or overweight (20 %; BMI .95th percentile) -a greater prevalence than seen for other ethnic groups of similarly aged children in Canada in which 26 % of Whites, 29 % of Blacks and 18 % of South-east/East Asians were at risk for overweight or overweight (4) . Indigenous peoples in Canada continue to undergo a nutrition transition with several studies reporting younger generations consuming less traditional food (TF) than older generations (5, 6) . TF contributed to only 4?5 % of total energy intake (EI) in Dene/Métis of the Canadian Northwest Territory and Canadian Yukon Territory First Nations children aged 10-12 years (7) . The shift towards a diet nearly exclusively from market food is accompanied by an increase in energy, refined carbohydrates, fat and saturated fat in the diet (5, 8, 9) . Fruit and vegetables as well as grains and meat contributed to less than half of the EI of Dene/ Métis and Yukon First Nations children, whereas 55 % of energy came from sweets, mixed dishes and total fat with a high intake of high-fat foods noted (7) . In a study of Cree youth ($9 years of age), conducted in two James Bay communities in northern Québec, Canada, those with a BMI of .90th percentile consumed statistically significantly less milk and milk products and fruit and vegetables than did youth with a lower BMI (10) . Dietary changes have a major role in the development of obesity and type 2 DM in many North American indigenous communities (11, 12) . The traditional diet of Cree, the largest First Nations group in North America, was based mainly on hunting and fishing: it was a diet rich in protein, moderate in fat and low in carbohydrates. Historically, the Cree were considered to have high EI compensated by a traditional active lifestyle along with cold weather and seasonal food shortages (13) . There are eight distinct Cree groups, of which the James Bay Cree (Iiyiyiuch) group of northern Québec was the focus of the present study. In the last 30 years, the Cree of northern Québec, situated in nine communities of the James Bay Region (Fig. 1) , have been affected by many socio-cultural and political changes such as large development projects (13) along with a shift away from hunting and harvesting activities with increased reliance on store-bought foods -all having major implications for the Cree communities. The Cree now suffer from obesity, hypertension and type 2 DM, which was not the case in the past (14) . As of 2001, 56-62 % of children were estimated to be at risk of overweight in the nine James Bay Cree Communities (13) . The present study was undertaken to evaluate dietary habits of youth in three Cree communities of James Bay in order to guide interventions. Furthermore, it was hypothesised that those at risk for overweight or overweight would have poorer dietary characteristics and would consume less TF than normalweight individuals.
Materials and methods

Study population and design
The study involved James Bay, Québec Cree youth. A health survey was conducted in three of the nine Cree communities: Mistissini, Wemindji and Eastmain, which account for 3200, 1267 and 550 residents, respectively, and from which 300, 200 and 150 Cree, respectively, were randomly selected. The present study is restricted to youth aged 9-18 years, of whom 198 were randomly selected from the three communities, with 125 youth participating providing an overall 63?2 % participation rate. A higher participation rate (71?3 %) was noted among the 8-14-year-olds. The sample size provided 80 % power to detect a prevalence of weekly consumption of TF of 50 % (95% CI 44?5, 55?5). Individual and parental consent were obtained. Anthropometric measures were taken without shoes and in normal clothing by trained nurses. Height was measured in centimetres using a graduated tape with the patient standing barefoot on a hard surface. Waist was measured at the end of exhalation with the tape horizontally located between the last floating rib and the iliac crest. BMI (kg/m 2 ) was calculated after subtracting 0?85 kg for clothing weight. Body weight and fat percentage were determined using a foot-to-foot bioelectrical impedance instrument (Tanita Corp, Arlington Heights, IL, USA).
Two qualitative market and traditional FFQ were administered. The traditional FFQ included an exhaustive list of all TF obtained through hunters and trappers and discussions with community representatives. The market FFQ was designed to capture usual beverages and indicators of high-sugar and high-fat food items purchased at local establishments. All questionnaires were checked by quality control staff. The traditional FFQ includes animals such as the caribou and moose, birds such as the ptarmigan, and fish and seasonal variation in intake.
Dietary intake was assessed by a 24 h recall using graduated food models of food portion sizes (Santé Québec, Montréal, Canada) with repeat recalls on 20 % of participants. The recall used a five-step data collection technique, which included a quick list, forgotten foods, details and probing, review and finally a question about vitamin and mineral supplements.
Twenty-four-hour recalls were entered into the CANDAT software (2007; Godin, London, Ontario, Canada) and double verified for accuracy. Nutrient intakes were obtained using the Canadian Nutrient File 2007b (2007; Health Canada, Ottawa, Ontario, Canada) and a file with 2000 additional foods derived from food labels and standardised recipes. Data from the FFQ were entered into Epi-Info (US Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA). Dietary intakes were compared with Canada's Food Guide for First Nations, Inuit and Métis, which is similar to the Canadian Food Guide but tailored to respect indigenous food traditions.
In addition, a Canadian modification to the Healthy Eating Index (HEI) was adapted to the current age group and used to assess diet quality, where a score of $80 indicates a healthy eating pattern (15) . CDC guidelines of age-and gender-specific BMI percentiles were used to categorise participants 'at-risk of overweight' (BMI $85th and ,95th percentile) or 'overweight' (BMI $95th percentile) (16) . Estimation of the distribution of waist circumference (WC) was based on WC percentiles of children and adolescents from the Third National Health and Nutrition Examination Survey (17) where $85th percentile was the cut-off to define high central adiposity. Having a body fat percentage $75th percentile was the cut-off used to categorise youth into a high body fat group based upon a Caucasian population (18) . High-sugar foods were defined as those foods containing .25 % of energy as total sugar and included highsugar cereals, cookies, fruit punches and soft drinks. Nutrient-rich foods such as fruit and vegetables were excluded from the list of high-sugar foods. High-fat foods were defined as those with .40 % of energy as total fat and included high-fat baked goods, cookies, mixed meals, TF as well as dressings and spreads.
To calculate the potential under-reporting of dietary intake, we calculated the ratio of reported EI to BMR based on age and gender and methods described elsewhere, where a value below 1?5 was used to identify underreporting (19) (20) (21) . TF intake was categorised into two groups, infrequent (less than one time per week) and weekly consumption (at least one time per week).
Statistical analyses were run using the SAS for Windows statistical software package version 9?1 (SAS Institute Inc., Cary, NC, USA). Analyses were conducted with and without the under-reporters of EI, but as the results from these analyses were similar, they are reported for the total sample. The percentage of consumed saturated fat .10 % of total energy was adjusted for usual intake using the repeat recall (22) and adjustments were calculated using the Iowa State Software for Intake Distribution Estimate (1996; Iowa State University, Ames, IA, USA).
Rate ratios and 95 % CI were calculated to evaluate risk of overweight and of having a high WC by TF consumption and other dietary habits.
Results
The study group consisted of an equal proportion of boys (n 61) and girls (n 64). The mean age of the participants was 13?2 (SD 2?8) years and the average BMI percentile was 83?5, approaching the 85th percentile for being 'at risk of overweight' (Table 1) . Youth were separated into two age groups: 9-13 and 14-18 years of age. The mean body fat and WC approximated the 82nd and 85th percentiles, respectively, and did not differ by age groups. The mean body fat percentile (94?6) was significantly higher (P # 0?005) among girls than boys (Table 1) . Overall, 67?6 % of the participants were either at risk for overweight or overweight. Moreover, 81?6 % of the participants fell above the cut-off value for an at-risk WC.
The mean EI:BMR ratio in the present study was 1?31 (SD 0?62), which suggests an overall population with mild under-reporting of energy. No difference in the EI:BMR ratio among age groups or genders was observed.
Youth having a BMI $85th percentile were observed to have a lower mean EI:BMR ratio (1?16 (SD 0?45)) than their normal-weight counterparts (1?56 (SD 0?45; P # 0?01)), indicating a greater under-reporting among at-risk of overweight youth.
Reported EI was not significantly different between age groups, but the mean reported energy and protein intake was significantly higher among the boys. The percentage of energy as carbohydrate was significantly higher among the girls than among the boys ( Table 2) . Intake of total fat and saturated fat was not significantly different by age or gender. Over 98 % consumed saturated fat above 10 % of total energy based upon intake adjusted for repeat recalls.
In addition, 92?8 % of participants reported consuming high-sugar foods, which accounted for 12?8 % of total daily EI, whereas 96?8 % of the participants were found to consume high-fat foods, which accounted for nearly 40 % of total EI. No significant differences were observed in consumption of high-sugar or high-fat foods by age or gender ( Table 2 ). The Canadian HEI scores were, on average, low among the youth with a mean score of 64?7 (SD 9?3), with 95 % of the youth falling below the recommended score of 80 or above. There were no significant differences in scores between boys and girls, but older youth had significantly lower scores than younger youth (Table 2) .
A significantly higher proportion of 9-13-year-olds (48 %) than 14-18-year-olds (32 %) were observed to consume 'baked goods and cereals' (Table 3) . However, no difference by age and gender was observed in the consumption of other high-sugar food groups. In addition, the 'baked goods and cereal' group contributed to the highest percentage (20 %) of total EI followed by 15 % and 12 % for the 'high-sugar drinks' and the 'snack foods' groups, respectively, for consumers of those items (Table 3) . For high-fat food groups, 9-13-year-olds were observed to consume a higher proportion of baked goods and cereals than the 14-18-year-olds (Table 3) . Snack foods were consumed by 38 % of the participants, accounting for 17 % of the total daily energy for consumers. The meat and fish groups, consisting of different cuts of meat, birds and fish including bacon and sausages, were consumed by nearly 45 % of the youth, accounting for 18 % of their total daily EI.
A total of 63 % of youth consumed fewer servings of vegetables and fruit and 95 % of youth consumed less milk and alternatives than recommended by Canada's Food Guide for First Nations, Inuit and Métis (Table 4) . Only 19 % of the children met the recommended intake for grain products. Finally, 68 % of youth exceeded the recommendations for meat and alternatives.
The traditional FFQ data indicated that consumption of TF when evaluated as d/month was low. Among the most popular items were meat (moose, caribou), fish (walleye, pike) and fowl (geese, ptarmigan; Table 5 ). Moose meat was the most common TF item eaten, consumed by 84 % over the past year with youth reporting the consumption of moose meat an average of 2?2 d/month. When TF items were combined into groups, almost all the participants (83?2 %) consumed any fish ,0?5 times/week and 65?6 % of the youth consumed any traditional meat ,0?5 times/week (Table 6 ). Nearly half of the youth consumed at least one kind of TF on a weekly basis.
Youth who were weekly consumers of TF were similar to those who were infrequent consumers in terms of total energy and macronutrient intake from the 24 h recall. Wilcoxon signed-rank test for non-parametric variables; x 2 tests for differences in proportions. *P # 0?05, **P # 0?01 significant differences by age noted.
-Snack foods included granola bars and other energy bars, chips, crisps, cheese puffs, nacho chips, fries and other deep-fried snacks and popcorn. , 1?71) . The Canadian HEI scores were significantly lower among those with an at-risk WC than among those with a normal WC (61?2 (SD 7?9) v. 64?7 (SD 7?5), P # 0?05). However, there were no individual food groups differences and no significant differences in the Canadian HEI scores between those with a normal BMI and those at risk for overweight or overweight (HEI 63?8 (SD 7?9) v. 61?6 (SD 7?8), P # 0?10).
Discussion
In summary, the food frequency method in combination with the 24 h recall provided a means of determining prevalent dietary patterns among the youth. Moreover, anthropometry was directly measured in contrast to the self-reported data presented earlier (10) . The prevalence of overweight and overall poor dietary quality is a public health concern in the three communities. The high proportion of at risk for overweight and overweight youth in the present study is similar to previous studies conducted among the Cree (10, 13) and similar to other studies indicating a high prevalence of overweight among indigenous youth (23, 24) . The prevalence of overweight in this study population is four to five times higher than that of the general Canadian population of similarly aged children (25) . The study found a high degree of consumption of highsugar and high-fat food items, low fruit and vegetable and milk product intake coupled with low TF consumption, and a low HEI, with 95 % falling below the recommended healthy score of 80 or above. The nutrition transition includes a shift away from hunting, harvesting and consumption of TF towards a more sedentary lifestyle and a market-based diet rich in carbohydrates, fat and saturated fat (26) . Developing healthy eating patterns early in life is a challenge due to the socio-economic context of food availability and choices. As 70 % of overweight children tend to become obese adults (27) , it is important to redirect children towards healthier food choices. Poor dietary habits together with low physical activity among children observed in previous Cree studies (28, 29) help explain the high prevalence of overweight.
Sugar was found to be the most commonly mentioned market food in the 24 h recalls of adults from the Canadian Arctic (30) . In particular, sweets contributed to 20 % of the EI in Dene/Métis and Yukon children's diet (7) . In addition, these drinks contributed to a displacement of food considered as primary sources of nutrients such as milk, fruit and vegetables (31) . Several studies of children and adolescents have found a significant association between sugar-sweetened beverage intake and overweight (32, 33) , suggesting that the high sugar consumption places Cree youth at risk.
The present study was one of the first to present consumption of high-sugar and high-fat foods from specific food categories in order to understand their contribution to total EI. In summary, energy-dense foods were found to contribute an important percentage of EI among Cree youth, thus raising concerns that they may displace higher-quality nutrient-dense food items in the diet. The excessive intake of high-sugar and high-fat foods was previously observed in a Dene/Métis study, where the use of fat and sugar-rich foods contributed to more than 40 % of energy (7) . Similarly, in the present study, over half of the total EI was derived from fat, sweets, mixed dishes and other high-energy items.
The low consumption of vegetables and fruit and milk and alternatives indicates a potential for low intakes of calcium and other vital nutrients. In a previous study conducted among the same population 15 years ago in 1993 (10) , the diet of 9-11-year-old Cree children met or exceeded the mean number of servings recommended for the food groups, while the older youth ($12 years) had low intake of milk/milk products and vegetables/fruit. The findings were attributed to the positive impact of community programmes among the youngest group, such as the school milk programme. In addition, the percentage of at risk/overweight youth in the study 15 years ago was lower (38 %) than that observed in the present study. The increase in overweight and poor dietary behaviours suggests an ongoing nutrition and epidemiological transition among Cree with serious future health consequences for youth. These findings further stress the need to implement interventions.
TF food use was higher among Dene/Métis children (7) than in the current Cree population. Higher TF use among communities situated further north was previously noted in the literature (5) . The relatively low TF use by Cree children and adolescents is similar to that found in other study populations showing that children are consuming less TF than adults (5, 7, 11) . In the three territories of Canada, TF contributed to increased intake of essential nutrients. When comparing days with and without TF, TF intake was found to be associated with higher consumption of vitamins D, E, B 6 , riboflavin, iron and other important nutrients (5, 7, 30) . Furthermore, TF use, even at levels as low as 5 % of energy, contributed to a higher intake of several essential nutrients among children (7) . The present results, indicating no differences in terms of EI and macronutrients between the low and high TFconsuming groups, are in contrast with data from Dene/ Métis adults, where days without TF were associated with higher EI, carbohydrate, fat and saturated fat intake than days with TF (5) . TF systems and the context in which they are consumed are diverse. Among the Arctic Indigenous people, days with TF were associated with significantly higher total energy (P # 0?01) and percentage of energy from protein than days without TF (30) . Among Cree youth, TF consumption was associated with significantly greater weekly vegetable and fruit consumption, and a significantly lower BMI, but a higher number of snacks. TF is often consumed in community or family celebrations or out on the land where high-fat snack foods may be served. Speculations regarding the relationship of weekly TF consumption with lower BMI include the potential for a higher level of physical activity among weekly TF consumers (26) relative to less frequent TF consumers; however, this cannot be directly assessed in the present study. Furthermore, vegetable and fruit consumption was related to a lower risk of having an at-risk WC, potentially reflecting that vegetables and fruit may be displacing snacks high in added sugar and fat or that vegetable and fruit consumption may be a marker for other healthy habits. Furthermore, overall diet quality as measured by HEI was lower among those with an at-risk WC.
Under-reporting of energy intake Overall, the mean EI:BMR ratio in the present study population was 1?31 (SD 0?62), indicating a suboptimal reporting of EI. However, when under-reporting was further evaluated among youth categorised into BMI percentile groups, under-reporting was observed only among overweight youth (those with normal BMI had an acceptable EI:BMR ratio of 1?56). The under-reporting of EI among overweight Cree youth is supported by several studies, which found evidence of under-reporting of EI by higher weight children and adults (34, 35) . Many factors may occur in late childhood and adolescents that would contribute to the underreporting of EI among higher-weight individuals (36, 37) . Another issue related to heavier children is that their BMR may be overestimated based upon having a greater adipose tissue mass; however, overestimates are very likely not large based upon a review of the available literature (19) . Similar to other studies involving children in Canada, the United States and Europe, total EI was greater for boys than for girls in the present study (38) (39) (40) . The lack of differences in EI by age group could be partially explained by the greater under-reporting in the 14-18-year-olds (EI:BMR 5 1?2 (SD 0?6) than in the younger children (EI:BMR 5 1?4 (SD 0?6). Similarly, Livingstone et al. (39) found a divergence between the reported EI and total energy expenditure measured by doubly labelled water as age increased.
. When compared with dietary studies of similarly aged youth conducted in indigenous communities, the reported EI of Cree youth was similar to that of Mohawk (8991?4 kJ) (41) and of children (8-15 years) in northern Alberta with reported mean EI of 8633?3 kJ and 7367?6 kJ for boys and girls, respectively (42) . Thus, the similarities in EI between 9-13-and 14-18-year-olds were unexpected, but may partly be due to the higher under-reporting of EI among adolescents. Importantly, results were similar when run with and without the under-reporters of EI.
Limitations
Although repeated dietary assessment are always better for characterising habitual diet, the use of one 24 h recall is useful for evaluating diet at a population level. However, the small sample size with one 24 h dietary assessment in the subanalyses comparing those with and without a normal BMI is a limitation as repeated dietary assessments for small groups would have very likely revealed greater dietary differences by BMI category. Furthermore, the present study utilised existing cut-offs for determining adiposity from available referent populations, which may not be generalisable to the Cree. Another limitation is that the Canadian Nutrient File is incomplete for sugar. This limitation, combined with under-reporting, very likely means that participants may be consuming even higher intakes of sugar than described herein.
Summary
The present study adds to the limited literature on diet quality among high-risk indigenous youth. The study contributes to the literature in that it found that poor dietary quality was highly prevalent and that diet quality was related to central fat patterning among Cree youth, whereas TF consumption was related to a lower BMI. The study indicates that interventions are urgently needed. Strategies that encourage a healthy diet including the incorporation of TF in the diet may represent a culturally acceptable means of promoting a healthy future for Cree youth.
